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Method and device for acquiring and processing signals 
from industrial processes 

The invention relates to a method for acquiring and 
processing signals from industrial processes according 
to the preamble of patent claim 1, and to a device 
according to the preamble of patent claim 11. 

The acquisition and processing of signals from 
industrial processes form the basis for central 
real-time evaluation and the support of analytical and 
diagnostic functionalities both in situ and at a 
distance from the respective process. The latter is 
significant in particular for services of an equipment 
manufacturer such as, for example, remote monitoring 
and remote diagnostics. 

The processes in question occur in industrial equipment 
which is generally composed of a plurality of equipment 
components which are usually spatially distributed. The 
processes in question are controlled and/or regulated 
by means of at least one automation device. The signals 
which are to be acquired and processed may originate 
from a very wide variety of sources and are present in 
any desired and different form, for example analog, 
binary, numerical, as video signals and/or as variable 
physical parameters . 

A suitable method and a device for carrying out such a 
method for acquiring and processing signals must pick 
up signals from a large number of sources, it being 
possible for the spatial distribution of the sources to 
be very extensive. A suitable method must sense 
measuring signals precisely with continuously high 
quality and at the same time also be able to support 
high sampling rates. Easy and rapid activation with a 
low degree of complexity of wiring and configuration, 



/ 



2001P21594WO - 
PCT/DE03/00093 



- 2 - 



as well as ease of operation, comparable with the "plug 
and play" principle, are expected from a corresponding 
device . 

5 Especially if the individual partial processes of an 
industrial process are spatially distributed over a 
wide area, methods and devices for acquiring and 
processing signals from industrial processes are known 
which are implemented by means of individual, different 

10 partial methods and devices with respectively different 
performance spectrums and characteristics or by 
integration into existing control systems, or both. 
There is no overall system known which is composed of a 
uniform and modular device which satisfies the 

15 previously specified requirements and which also 
permits synchronous and largely reaction- free 
acquisition of the signals present in the equipment. 
Methods for acquiring and processing signals from 
industrial processes in industrial equipment which is 

2 0 preferably spatially distributed over a wide area and 
which fulfills all the requirements mentioned above, 
and also is both capable of being used easily and 
universally and ensures precise, very largely 
reaction-free and synchronous acquisition of signals, 

2 5 are also not known. 

The object of the invention is to make available a 
method and a device for acquiring and processing 
signals from industrial processes in such a way that 

3 0 both the indicated requirements are fulfilled and the 

aforesaid disadvantages are avoided. 

This object is achieved according to the invention by 
means of a method of the type mentioned at the 
35 beginning having the method steps specified in the 
characterizing part of patent claim 1, and by means of 
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a device having the features specified in the 
characterizing part of the device according to patent 
claim 10 . 
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The method according to the invention and the 
corresponding device are of uniform and modular design. 
The concept on which the invention is based is to 
separate measurement and analysis on the one hand, and 
5 control and regulation on the other. In particular, the 
implementation of this concept permits very largely 
reaction-free acquisition of signals and the 
implementation of a uniform system of the type 
mentioned at the beginning which can be used in various 
10 ways, is high in power and can be expanded in a modular 
and cost-effective way. 

In one preferred embodiment of the method according to 
the invention, at least one measuring head receives, at 
15 the input end, measuring signals from any desired bus 
system. As a result, the very largely reaction-free 
reception of the signals which are exchanged via the 
bus system and/or the analysis of signal faults on the 
bus system itself are made possible. 

20 

The method according to the invention can 
advantageously be configured in such a way that at 
least one measuring head passes on measuring signals at 
the output end directly to a data concentrator, as a 

2 5 result of which the modularity of the system according 

to the invention is further increased. 

According to one advantageous configuration of the 
invention according to patent claim 5, the setup of the 

3 0 communication between data concentrators and measuring 

heads is carried out automatically using at least one 
communication unit. Both configurations decisively 
increase the modularity of the method which in this way 
can be expanded very easily and at low cost and 
3 5 complexity. 
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In one preferred embodiment of the method according to 
the invention, time signals are generated by providing 
measuring signals with a time stamp. As a result, 



AMENDED SHEET 



- 4 - 

• an ''evaluation of the acquired measurement signals is 
made considerably easier, specifically in particular 
with respect to complex relationships which extend over 
a plurality of partial processes. 

5 

The method according to the invention is advantageously 
expanded in such a way that at least one measuring head 
receives a standardized time signal. Using this time 
signal as a reference time permits unambiguous and 
10 precise chronological assignment of measuring signals 
beyond the boundaries of the individual process to 
which the method according to the invention relates. 

In a further configuration of the invention, the 
15 standardized time signal is acquired from a Global 
Positioning System (GPS) . The advantage of this 
configuration of the invention is the worldwide 
availability of GPS and the low costs which are 
associated with the acquisition of this standardized 

2 0 time signal. 

According to a further advantageous configuration of 
the method according to the invention, the time signals 
and/or measuring signals which originate from at least 
25 one data concentrator are processed using at least one 
programmable evaluation unit, it being possible for the 
programmable evaluation unit to be located at any 
desired spatial distance from the partial processes. As 
a result, the flexibility and the universal 

3 0 applicability of the method are increased. The 

separation of tasks according to the concept which is 
provided for the data concentrators and evaluation 
units means that resources are used particularly 
economically . 

35 

The method according to the invention can preferably be 
configured in such a way that at least one display unit 
is used to display data which is generated from the 
measuring signals and/or time signals, it being 



possible for the display unit to be located at any 
desired spatial distance from the partial processes. 
Such an expansion increases modularity and flexibility 
of the method according to the invention, the 
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spatial independence of the display unit from the 
industrial partial processes also permits 

functionalities such as remote analysis and as a result 
increases both the efficiency and economic viability of 
5 the intellectual evaluation of measuring results and 
makes it significantly easier to use expert knowledge 
for evaluation. 

The method according to the invention can be carried 
10 out by means of a device for acquiring and processing 
signals from industrial processes which are composed of 
at least one partial process, the industrial process 
being controlled and/or regulated by at least one 
automation device which is equipped with one or more 
15 bus systems. The device according to the invention is 
characterized in that at least one measuring bus system 
is provided which is not identical to the bus system or 
systems of the automation device, and in that at least 
one measuring head for acquiring measuring signals is 
2 0 provided and is connected at the input end to signal 
generators of the industrial process which are present 
and/or which are to be additionally provided, and at 
the output end passes on signals in a predefined form 
to the measuring bus system, in that one or more data 

2 5 concentrators are connected to the measuring bus 

system, and in that means are provided for 
automatically detecting measuring heads and/or data 
concentrators. 

3 0 Advantageous refinements of the device are described in 

the subclaims . The advantages emerge in that an 
analogous fashion to those specified in the method 
claims . 



35 



In one advantageous configuration of the device 
according to the invention, at least one measuring 
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head, which is connected to a signal generator which 
supplies a standardized time signal, is mounted on the 
upper termination of a device within which, or by means 
of which, the industrial process is carried out. This 
5 mounting permits improved reception of the standardized 
time signal if the latter is transmitted in a wire free 
fashion, in particular using transmission means which 
are not exclusively 
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4 ear'th bound, for example satellites. 

According to a further advantageous configuration of 
the device according to the invention, the data 
5 concentrators are conditioned so as to be capable of 
being expanded in such a way that the respectively- 
required number of measuring bus systems and/or 
measuring heads can be connected to them. Measuring bus 
systems and/ or measuring heads can therefore be 
10 connected in an uncomplicated way, saving time and 
cost. In this way, the system can be expanded easily as 
desired. 

Details according the invention emerge in conjunction 
15 with the patent claims from the following description 
of an exemplary embodiment and the associated drawing, 
in which: 

Fig. 1 shows a schematic illustration of a measuring 

2 0 and analysis system according to the invention. 

Fig. 1 is a schematic illustration of a measuring and 
analysis system for an industrial process. In the 
example shown, the process is divided into two partial 
25 processes Tl and T2 . Signals are to be acquired and 
processed within these partial processes Tl and T2 . 

Signal generators SI to S6 (not illustrated in more 
detail) are located at the equipment components XI to 

3 0 X3 and Yl to Y3 and are connected to corresponding 

measuring heads Ml to M6 . The equipment components 
which are illustrated by way of example in the drawing 
are the motors XI to X4 and the switchgear cabinets Yl 
to Y4. 

35 

There are the bus systems PI and P2 and further bus 
systems (not illustrated in more detail) which are to 
be assigned to the automation device of the industrial 
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partial processes Tl and T2 . The bus systems PI and P2 
are used to control and regulate 
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' the* equipment components XI and Y2 and X4 and Y4 . As is 
shown by way of example on the bus system P2 and the 
measuring head M7 , measuring heads can also be 
connected to bus systems which are used for control and 
5 regulation. 

The measuring heads Ml to M7 are connected at the 
output end to the data concentrators Dl and D2 using 
the measuring bus systems Bl and B2 . One task of the 
10 data concentrators Dl and D2 is to process the time 
signals and/or measuring signals of the measuring heads 
Ml to M7 . 

The evaluation units El and E2 are provided for further 
15 processing of the signals and data. The display units 
Al and A2 make it possible to display measuring data 
which is processed by the data concentrators Dl and D2 
or the evaluation units El and E2 . The evaluation units 
El and E2 , the display units Al and A2 and the data 
2 0 concentrators Dl and D2 are connected to one another 
via local and/or spatially unlimited data transmission 
networks CI to C3 . 

Partial process in the sense of the invention may be 
2 5 understood to be, on the one hand, an actual partial 
process within an industrial process. On the other 
hand, a partial process itself may be understood to be 
an industrial process so that two or more partial 
processes are equivalent in meaning to two or more 
30 industrial processes. As a result, for example one or 
more partial processes could be assigned to the 
fabrication process of an automobile manufacturer, 
while one further partial process could be the 
industrial process of a supplier. 

35 

One or more partial processes Tl and T2 in which 
signals are acquired may also be of a nonindustrial 
character. A partial process of nonindustrial character 
may be understood to be, for example, a process which 



is 1 to be assigned to the private or public health 
system, official authorities or institutions, private 
individuals, institutions for general welfare or 
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generally institutions which are understood as not 
being associated with industry. 



Partial processes Tl and T2 are defined in such a way 
5 that there is the possibility that, within the scope of 
one or more partial processes Tl and T2 , nonindustrial 
equipment, such as, for example, magnetic resonance 
tomographs, is connected to one or more measuring bus 
systems Bl and B2 . 

10 

In the exemplary embodiment, time signals are 
generated in that measuring signals are provided with a 
synchronously running time stamp. 

15 The measuring heads Ml to M7 are configured in such a 
way that they receive numerical, binary or analog 
signals from signal generators. However, measuring 
heads which acquire physical variables such as, for 
example, oscillation period or temperature, and which 

2 0 are not illustrated in the drawing, are also provided. 
Measuring heads may be connected to bus systems, for 
example PROFIBUS or CAN bus, which are used for 
controlling and regulating. The measuring head M7 which 
is connected to the bus system P2 acquires data which 

25 is present on the bus system P2 and which can be used 
to analyze signal faults on the bus system P2 , or make 
available further measuring data under the precondition 
that this is carried out very largely without feedback 
and in a precisely timed way. The term precisely timed 

30 is understood to mean synchronous in the resolution of 
half the minimum sampling time. 

All the measuring heads Ml to M7 are composed of a 
uniform bidirectional communications part, and have the 
35 functionalities for independently acquiring and 
generating the measuring data, and drivers for 
receiving data from the data concentrator. The 
measuring bus systems Bl and B2 use a uniform 
transmission protocol and are uniformly based on 
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optical waveguide technology in order to ensure minimum 
expenditure on cabling and configuration and a high 
degree of immunity to faults. 
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It "is possible, but not illustrated in more detail, for 
measuring heads to be connected directly to a data 
concentrator Dl or D2 . The arrangement of data 
concentrator and of plugged-in measuring head then 
5 results in a unit which, under certain circumstances, 
is associated with a saving in space and cost. The data 
concentrators Dl and D2 are designed to be capable of 
being expanded in terms of the number of measuring bus 
systems Bl and B2 which can be connected, and measuring 
10 heads which can be plugged directly. 

Each of the data concentrators Dl and D2 includes at 
least one computing unit and at least one 
communications unit . 

15 

The object of the communications unit is the 
independent, automatic operation of the measuring bus 
systems Bl and B2 of the device, the setup of the 
communication with the connected measuring heads Ml to 

20 M7 via the measuring bus systems Bl and B2 , as well as 
the automatic acquisition of the components which are 
located in the system, and the automatic monitoring of 
individual components for' compatibility. In each 
communications unit, a structured storage matrix is 

25 made available in which a uniquely defined address is 
present for each measuring head which is assigned to 
the data concentrator and each assigned measuring 
signal or time signal. The communications units also 
make it possible for the measuring processes of all the 

3 0 measuring heads and of all the data concentrators 
present in the system to be synchronized automatically 
with a common time base. Communications units have 
means for self -diagnosis , means for feeding in 
extraneous signals and the functionality for automatic 

3 5 load distribution between the data concentrators which 
are used in the system. 

The object of the computing unit is to process time 
signals and measuring signals. The computing unit 



carries out a chronological vectorization of the 
incoming data and archives the vectors on read only 
memories in order to prevent data losses. The object of 
the computing unit is also to take into account 
different sampling rates, to smooth the measuring 
signals and, 
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4 if necessary, to interpolate common sampling times. 

The evaluation units El and E2 have functionalities for 
largely processing measuring signals and time signals 
5 from different data concentrators Dl and D2 . The 
evaluation units El and E2 can be programmed by the 
user by means of a graphic editor and have a library of 
functionalities, for example for filtering or 
transforming measuring signals or signal vectors. 

10 

By means of the display units Al and A2 it is possible 
to graphically represent selected measuring data in 
real time. The evaluation units El and E2 and the 
display units Al and A2 can be accessed both locally 

15 and also by means of spatially limited or unlimited 
data transmission networks. The evaluation units El and 
E2 support automatic monitoring by virtue of the fact 
that they output messages when there are predetermined 
data constellations in order, for example, to trigger 

2 0 an alarm at at least one of the display units Al and 
A2 . This may be carried out, for example, using an 
e-mail or else also using a short message via a mobile 
radio network. 

2 5 While the measuring bus systems Bl and B2 are uniformly 

designed for optical waveguide technology, this is not 
the case with the data transmission networks CI to C3 . 
In the drawing, the data transmission networks CI and 
C3 constitute local networks with a high transmission 

3 0 rate and use of the TCP/IP protocol family. The data 

transmission network C2 extends spatially over a 
significantly larger area and constitutes a digital 
telecommunications network . 

35 In one application example, the partial process Tl 
constitutes part of the fabrication process of an 
automobile manufacturer, and the partial process T2 
constitutes an industrial process at the factory of a 
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supplier company. In spite of the process structures 
which are different here in the partial processes Tl 
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anci T2 , and in spite of the different automation 
systems, the analysis of systems and problems can be 
carried out by means of the uniform system according to 
the invention. 

5 

Problems which extend beyond individual partial 
processes Tl and T2 can be reliably detected and 
analyzed using the data concentrators Dl and D2 and the 
evaluation units El and E2 and display units Al and A2 

10 which are provided at a distance from the partial 
processes Tl and T2 . Here, it is made easier, for 
example, for external experts to carry out problem 
analysis and to understand relationships by virtue of 
the fact that measuring signals are provided with a 

15 time stamp which is based on a uniform system time and 
is, if appropriate, standardized, which goes beyond 
mere synchronization of the measuring signals. 

When restructuring is carried out within the industrial 
2 0 process, the measuring bus systems Bl and B2 and the 
measuring heads Ml to M7 can easily be adapted to the 
new conditions brought about by the restructuring, or 
correspondingly expanded. The decoupling of the 
measuring and analysis devices according to the 
2 5 invention from existing automation devices of the 
industrial process also permits not only a high degree 
of freedom from reaction during the acquisition of 
measuring data but also a uniform acquisition and 
analysis of measuring data during restructuring within 
30 the industrial process. As a result, a direct 
comparison and the analysis of process features before 
and after restructuring is made possible. 



